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S pontaneous intracerebral hemorrhage (ICH) is attributed to arterial hypertension, especially when located in locations such as basal ganglia, brain stem, and cerebellum. Blood pressure shows a seasonal variation 1 and so does the incidence of ICH in local studies, most of which report an increased incidence in winter or at low air temperature, respectively. 2, 3 However, there are conflicting results with increased incidence in summer 4 or no seasonal accumulation at all. 5 Only few studies also explored atmospheric pressure (AP) 6, 7 although these 2 parameters strongly affect each other. Furthermore, previous studies all were done in the context of the particular local climate. We tried to explore the relationship between meteorologic variables and presumably hypertensive-ICH on a global scale.
Materials and Methods
We used data from a clinical trial, 8 where 122 participating centers in 22 countries on 5 continents included 841 patients with spontaneous ICH, 689 (82%) of whom had a history of hypertension. Exclusion criteria among others were an initial Glasgow Coma Scale <6 or need for immediate surgery. Informed consent was obtained, and the trial was approved by local institutional review boards.
In the present analysis, patients were grouped as having presumptive hypertensive ICH when the hematoma was located in the basal ganglia, brain stem, or cerebellum and as nonhypertensive when the hematoma was located lobar. Local values for temperature (°F) and air pressure at sea level (mm Hg) were collected from the National oceanographic and atmospheric administration (http://www.ncdc.noaa.gov/oa/about/about. html) for the day of the event and the 2 preceding days. They were standardized to achieve comparability according to the following formula: 
Statistics
Descriptive statistics were carried out on the raw data, for comparison of groups and regression analysis the standardized data were used. Student's t test was used for linear data, and the χ 2 test was used for nominal data to compare means. Annual distribution of ICH was tested using a χ 2 test for goodness-of-fit to compare expected and observed events. To test for influence on the cause of ICH, a multivariate binary logistic regression analysis was performed. All analyses were performed using a standard software package (Statistical Package for Social Sciences, SPSS, version 22.0). Because of the explorative nature of the analysis, we did not correct for multiple testing. Level of significance was set to 0.05.
Results
For 712 patients, climate data were available, 596 (84%) of those were classified as having hypertensive-ICH. Fifty-seven Background and Purpose-Numerous studies have investigated the influence of meteorologic factors and seasons on the incidence of spontaneous intracerebral hemorrhage (ICH) with ambiguous results. In the present study, data from a large, international multicenter trial in patients with ICH were used to identify seasonal and meteorologic determinants for hypertensive-ICH with greater applicability. Methods-Patients were grouped according to the presumptive ICH cause, that is, hypertensive when located in the basal ganglia brain stem as well as cerebellum and nonhypertensive when located lobar. Both groups were compared with regard to air temperature and air pressure and their occurrence during the year. A regression analysis was performed to identify independent predictors of hypertensive-ICH. Results-Only hypertensive-ICH showed a seasonal pattern and occurred with higher air pressure values and at younger age. Independent predictors of hypertensive-ICH were increased air pressure on the actual day of the event and younger age as well as higher temperature. Conclusions-In the present study with an international cohort, besides age air pressure, more than temperature, had an influence on the occurrence of hypertensive-ICH, only. The occurrence of ICH showed a significant seasonal pattern with a peak in autumn (P=0.02), but not for nonhypertensive-ICH (Table 2) .
In a logistic binary regression analysis, increased AP on the day of the event (odds ratio, 1.4; confidence interval, 1.1-1.7) and reduced age (odds ratio, 0.98; confidence interval, 0.96-0.99) more than increased temperature (odds ratio, 1.1; confidence interval, 1.0-1.2) were associated with presumed hypertensive origin of ICH.
Discussion
We found a significant circannual variability of the occurrence of ICH with a peak in autumn for the whole cohort and the hypertensive subgroup. Most previous studies found a peaking incidence of ICH in winter, 9 one of them exclusively for hypertensive-ICH, too. 3 Thus, seasonal variability seems to indicate the climatic dependence of hypertensive-ICH. The heterogeneous findings to date may be because of the fact that it is a rather coarse criterion on the other hand. The aforementioned study 3 also reported a preponderance of low temperature to be specific for hypertensive-ICH. However, in the present study, there was no difference on temperature values between the groups.
In contrast to temperature, AP is much less manipulated by infrastructure and building-technology factors. However, reported findings are conflicting as well with studies reporting increased ICH occurrence with higher values 7 and with lower AP, 2 whereas some did not find an association with AP at all. 5, 6, 10 In the present study, air pressure on the day of the event was significantly increased in hypertensive-ICH, only. Moreover, in a regression analysis, higher air pressure, together with lower age, exerted a much stronger effect on the occurrence of hypertensive-ICH than increased temperature. Similar findings are reported by a study 7 in which temperature was regressed out of the model and only increased/rising AP values had a significant effect.
Besides AP, lower age was a strong predictor of hypertensive-ICH, too. This is in accordance with epidemiological observations, 11 where the risk of lobar hemorrhage increased with age.
Limitations
There are some limitations to be mentioned. First, the present study is not based on the true incidence of ICH but reflects the recruiting behavior of the participating centers in an RCT. This also means that especially severe cases were missed because of the exclusion criteria of the RCT. 8 Second, we compared hypertensive with nonhypertensive-ICH as assigned by anatomic location. This differentiation is theoretical and hypertension may also be an pathogenic factor in lobar ICH. 12 However, the proportion of anatomic hypertensive-ICH cases in the present study was in very good agreement with that of patients with a known history of hypertensive in the overall cohort (84% and 82%, respectively). Furthermore, we did not have access to concrete blood pressure values, neither on admission nor before the bleeding event. Therefore, the hypertensive genesis of the observed ICH remains hypothetical.
Third, other environmental factors, such as air pollution or noise, can exert circannual effects on blood pressure and hence ICH incidence as well, but these were not investigated. Furthermore, there are individual factors such as alcohol consumption, which might have an effect on ICH incidence, about which we do have no information. This is a drawback of the present study.
Finally, we used an explorative approach and did not correct for multiple testing. This has to be kept in mind, and statistical results have to be interpreted with caution. 
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Conclusions
Using data from a worldwide multicenter trial, we found higher AP and lower age and to a lesser extent higher temperature to be significantly associated with presumably hypertensive-ICH and AP was the only meteorologic factor significantly differing between groups. Moreover, only hypertensive-ICH showed a seasonal accumulation in autumn. Therefore, hypertensive-ICH seems to be more influenced by climatic circumstances, especially air pressure, than other ICH.
